Background: Older patients undergoing surgery tend to have a higher frequency of delirium. Delirium is strongly associated with poor surgical outcomes. This study evaluated the association between pre-operative medication use and post-operative delirium (POD) in surgical oncology patients receiving comprehensive geriatric assessment (CGA). Methods: A total of 475 patients who were scheduled for cancer surgery and received CGA from January 2014 to June 2015 were included. Pre-operative medication review through CGA was conducted on polypharmacy (≥5 medications), delirium-inducing medications (DIMs), fall-inducing medications (FIMs), and potentially inappropriate medications (PIMs). POD was confirmed by psychiatric consultation, and DSM-V criteria were used for diagnosing delirium. The model fit of the prediction model was assessed by computing the Hosmer-Lemeshow goodness-of-fit test. Effect size was measured using the Nagelkerke R
Background
In Korea, the proportion of the population aged 65 years or over in 2014 was 12.7 %. By 2030, that will increase to 24.3 % and is expected to rise to 32.3 % by 2040. The most common cause of death in those ≥ 65 years of age in 2013 was cancer [1] . The proportion of older patients with cancer diagnosis and subsequent surgery is also increasing.
Older patients suffer from comorbid diseases and have a high risk of post-operative complications [2] [3] [4] . In particular, older cancer patients have a high prevalence of comorbidities (53~60 %). Among post-operative complications, older patients undergoing surgery tend to have a higher frequency of delirium [5] . Delirium is strongly associated with poor surgical outcomes. In the hospital, post-operative delirium (POD) is associated with a 2-to 5-fold increased risk of major post-operative complications, including an increased risk of death [5] .
Patients on chronic drugs unrelated to their surgical procedure are more likely to have post-operative complications [6] . Older cancer patients, in particular, have a high prevalence of comorbidities (53~60 %) and take a variety of medications. It's been reported that the proportions of polypharmacy and potentially inappropriate medication (PIM) users among older cancer patients were 84 and 51 %, respectively [7] [8] [9] . Pre-operative comprehensive geriatric assessment (CGA) is used to assess medication review in addition to comorbidities, functional status, cognitive function, nutritional status, and socioeconomic issues [10] .
Pre-operative CGA can predict post-operative morbidity and mortality in older patients undergoing surgery as well as effects on the treatment plan [11, 12] . Although effectiveness of CGA as a prediction tool of adverse postoperative outcomes (i.e., identifying older patients at a greater risk of mortality, post-discharge institutionalization, adverse in-hospital events, and prolonged length of hospital stay) of older patients who are scheduled for cancer surgery in particular, has been proven, studies on the relationship between pre-operative use of medication and postoperative outcomes are rare. Considering that polypharmacy and use of psychotropic medications such as benzodiazepines, anticholinergics, antihistamines, antipsychotics are known to induce POD, pre-operative medication use should be evaluated as one of important markers to predict post-operative outcomes in CGA [13, 14] . Therefore, this study was to evaluate the association between pre-operative medication use and POD.
Methods

Study population and data collection
All patients ≥ 65 years of age scheduled for cancer surgery were eligible in this study. We retrospectively studied consecutive subjects ≥ 65 years of age who were scheduled for cancer surgery and presented for preoperative CGA at the geriatric center of Seoul National University Bundang Hospital between January 2014 and June 2015. We excluded patients who refused surgery or did not have cancer surgery.
Baseline patient characteristics collected from electronic medical records included age, sex, height, weight, cancer type, and comorbidities. Serum creatinine, lean body weight, sex, and age were used to estimate renal function by Cockcroft-Gault equation. The risk of delirium was measured by the Nursing Delirium Screening Scale, with scores ranging from 0 to 5; a score of 2 or higher suggests an increased risk of POD [15] .
Cognitive function evaluation and pre-operative medication review in CGA Pre-operative CGA was performed using an established tool by the geriatric team, which consisted of geriatricians, nurse specialists, dietitians, and pharmacists. Pharmacists were wholly responsible for the drug assessment. Cognitive function was evaluated using the Korean version of the Mini-Mental Status Examination (MMSE-KC), with scores ranging from 0 to 30 (dementia is a score < 17) [16] .
Medication review was performed as follows; 1) Patients were guided to carry records of their medications (prescriptions) or their actual medications in advance of CGA. 2) Pharmacists interviewed patients and caregivers to figure out all prescription and non-prescription medications. Information of PRN use was also obtained. In the process, pharmacists recorded number of medications, pre-operative discontinuation-requiring medications (PDRMs), delirium-inducing medications (DIMs), fall-inducing medications (FIMs), and PIMs.
PDRMs were defined as medications that should be discontinued before surgery due to surgical risks, such as antithrombotic agents for post-operative hemorrhage, metformin for lactic acidosis, exogenous hormones for venous thromboembolism, and herbal medications for the uncertainty over their actual contents (Table 1) .
DIMs were medications whose adverse events, such as delirium, confusion or hallucination, were reported over 1 % by the drug information database Micromedex ® . Deliriants including high dose narcotics, benzodiazepines, and anticholinergic medications were also included in DIMs (Table 1 ) [17] . Antihypertensive agents, diuretics, glucose lowering agents, antihistamines, laxatives, antipsychotics, neuroleptics, antidepressants, hypnotics and sedatives, and opioids were classified as FIMs (Table 1 ) [18] . PIMs were determined according to the 2015 Beers criteria [19] . Levosulpiride (prokinetic agents available in Korea) was included, although it is not listed in the Beers criteria, because it frequently causes druginduced movement disorders [20] and since safer alternatives are available (Table 1 ) [21] .
Number of medications was counted by the number of active ingredients. Multi-component digestives, antacids, multivitamins, or herbal extracts were regarded as one ingredient because they have a single effect. Topical drugs and eye drops were not included because they rarely induce systemic adverse events. Polypharmacy was defined as taking more than five medications [22, 23] .
Delirium after operation was determined by psychiatric consultation, and DSM-V criteria were used for diagnosis of delirium [24] .
Statistical analyses
The Mann-Whitney-U-test was used to compare continuous variables between patients with and without POD, and the chi-square test was used for categorical variables. Multivariable logistic regression analysis was used to identify independent risk factors for POD. Factors having p-values < 0.05 from univariate analysis along with strong confounders of age and sex were included in the multivariate analysis. Variables were entered by stepwise selection for p < 0.05 and were removed for p > 0.1. Odds ratio (OR) and adjusted odds ratio (AOR) were calculated from univariate and multivariate analyses, respectively. P-values less than 0.05 were considered statistically significant.
The model fit of the prediction model was assessed by computing the Hosmer-Lemeshow goodness-of-fit test. Effect size was measured using the Nagelkerke R 2 . Discrimination of the model was further assessed by an analysis of the area under receiver operating curve (AUROC), which assesses the ability of the risk factor to predict POD. All statistical analyses were carried out using the Statistical Package for Social Sciences version 17.0 for Windows (SPSS Inc., Chicago, IL, USA).
Results
A total of 527 patients were scheduled for cancer surgery and received CGA from January 2014 to June 2015. Fifty two patients were excluded due to refusal for surgery (n = 35), changed treatment plan (n = 13), and age < 65 years (n = 4). Accordingly, data from 475 cancer patients who underwent pre-operative CGA and cancer surgery were used for the analysis.
As shown in Table 2 and Additional file 1, patients' median age was 76 years (range 65-96); 281 patients (59.2 %) were ≥ 75 years of age and 120 (25.3 %) were ≥ 80 years of age. About 55 % of the study patients were women. More There were 6 missing data for delirium risk score than 70 % of patients had cardiovascular diseases and 17 patients (3.6 %) had dementia. More than twothirds of patients had creatinine clearance < 50 mL/ min. Patients had gastrointestinal cancer (n = 353), breast cancer (n = 93), gynecology cancer (n = 15), genitourinary cancer (n = 5), and other cancers (n = 9). Delirium score ≥ 2 was found in 3.2 % of patients. Around half of patients had polypharmacy (50.5 %), PDRM (57.3 %), and DIM (42.1 %). Patients on FIM and PIM comprised 76.8 % and 26.7 %, respectively. POD was diagnosed in 19 patients (4 %). Patients who experienced POD were older than those without POD (p = 0.018). Among comorbidities, dementia had a significant relationship with POD; patients with POD had more than five times higher proportion of dementia presence compared to those without POD (p = 0.026). Low BMI was associated with POD with marginal significance (p = 0.054).
More than two-fold patients in the POD group took DIM and PIM before operation (p < 0.001). Patients in POD group took more multiple medications and FIM rather than patients in no POD group, although statistical significance was not obtained.
As presented in Table 3 , age, dementia, DIM, and PIM were significant factors for POD in the univariate analysis. Since there was multicollinearity between DIM and PIM, two models were constructed for the multivariate analysis. Model I included dementia and DIM in addition to age and sex, and model II included PIM instead of DIM of model I.
Age was a significant factor for POD. For every one year increase in age, the risk of POD increased about 1.1-fold in both models. No significant association was found between dementia and POD in both models. DIM (AOR 12.78, 95 % CI 2.83-57.74) and PIM (AOR 5.53, 95 % CI 2.03-15.05) were significant factors for POD after adjusting for confounders.
The Hosmer-Lemeshow test for model I, which included age, sex and DIM, revealed a good fit (χ 2 = 3.842, p = .871). The Nagelkerke R 2 effect size was 0.215 and AUROC was 0.833 (Fig. 1a) . In model II, which included age, sex, and PIM, the Hosmer-Lemeshow test also revealed a good fit (χ 2 = 8.130, p = .421), and the Nagelkerke R 2 effect size was 0.174. AUROC was 0.819 (Fig. 1b) .
Discussion
The main findings of this study are that one year increase in age increased risk of POD by about 1.1-fold, males had higher risk of POD (AORs of 2.8-2.9), patients with DIM had 12.8 times (95 % CI 2.8-57.7) increased risk of POD after adjusting for confounders, and patients with PIM had 5.5-fold (95 % CI 2.0-15.1) increased risk of POD after adjusting for covariates.
Consistent with our results, many studies showed that old age is significantly associated with POD [25] [26] [27] . One study reported that patients with POD were older than those without POD (median age 82 vs 74, p < 0.001) similar to our results (79 vs 76, p < 0.05) [28] . Another study on patients without dementia revealed that age was a [29] .
The association between male sex and POD is unclear. Studies on patients undergoing elective orthopedic surgery reported that male sex was a significant predictor for delirium, but only in patients without dementia [30, 31] . A systematic review of pre-operative risk factors for delirium after non-cardiac surgery also concluded that there is lack of evidence to support an association between male sex and delirium [26] . However, the study had significant heterogeneity across the study samples. Our study population was a homogeneous group with surgical oncology; around 3-fold increased risk with male sex compared to female sex was evident. One possible explanation of the higher incidence of POD in men was that men were more likely to exhibit the hyperactive form of delirium, and the incidence of hypoactive type of delirium could be underestimated due to the retrospective design of this study [32] .
DIM was the strongest factor for POD in this study. More than 12-times higher risk of POD was found in pre-operative DIM users. Many studies support our results. In a study using Japanese population receiving lung and esophageal cancer surgery, use of benzodiazepines was a significant factor for POD (OR 4.0, 95 % CI 1.1-14.5) [33] . Another study also showed that significant association between pre-operative benzodiazepine use and POD (OR 3.0, 95 % CI 1.3-6.8) [34] . Around a 12-fold higher risk of POD was reported for users of propranolol, scopolamine, and flurazepam, which are included in our DIM list [35] .
The American Geriatrics Society Guideline recommends PIM should be avoided in older patients due to the risk of POD [36] . Our study implicated PIM as an independent factor for POD. However, more than half drugs included in PIM list are DIM. Therefore, the effect of PIM on POD could be partially attributable to the property to induce delirium in several drugs. To estimate the effects of drugs included in both DIM and PIM, we further evaluated the association between 22 drugs included in both DIM and PIM and POD (Table 1) . The OR and AOR of the 22 drugs for POD was 6.3 (95 % CI 2.4-16.1) and 8.4 (95 % CI 3.0-23.6), respectively. Therefore, drugs inducing delirium among PIM need to be more closely monitored for prevention of POD.
The model including DIM was also higher effect size (21.5 %) than that including PIM (17.4 %), although the sizes were small. However, the Hosmer-Lemeshow test results showed that the fits of both models were satisfactory. Moreover, our models had an AUROC of around 0.8, indicating that the ability of the two models to predict is much better than by chance alone (0.5). An AUROC > 0.7 for the models indicated that they had acceptable capacities for patients with POD as compared to those without POD [37] .
To the best of our knowledge, this is the first study to develop prediction models by pre-operative medication use for POD and validate them using various statistical tools, such as the Hosmer-Lemeshow goodness-of-fit test, Nagelkerke R 2 , and AUROC. However, this study has several limitations. First, the incidence of POD could be underestimated due to the definition of POD. Previous studies reported the frequency of POD in older patients as 9-29 % [25, 26] . The present incidence of 4 % was much less. Our study defined POD more strictly; POD in our study was determined with diagnosis by competent psychiatrists based on DSM-V criteria. It's been reported that variations in definition, comorbid conditions, details related to surgery, diagnosticians, and diagnostic tools used are factors Fig. 1 Area under receiver operating characteristic curve for post-operative delirium occurrence. a Model I included age, sex, and delirium-inducing medications for analysis. b Model II included age, sex, and potentially inappropriate medications for analysis influencing incidence rates [38] . Therefore, study results could be primarily applied to patients with confirmed delirium diagnosis after cancer surgery using DSM-V by psychiatrists. Second, because of the retrospective study design, the incidence of hypoactive type of delirium might have been underestimated. Third, the adjusted odds ratio of DIM and PIM were very high because confounding effects of unmeasured comorbidities were possibly included. Therefore, our hypothesis requires further independent validation using more robust prospective designs.
In spite of the shortcomings, this study provides compelling evidence for the importance of assessing preoperative medication. The results of this study could be utilized to develop and implement individually tailored geriatric interventions to prevent POD. Moreover, the predictive value of CGA could be greater because confirmed cases of delirium were only included in this study.
Conclusions
The exposure to DIM and PIM in older patients before cancer surgery was associated with increased incidence of POD. This is an important finding, and should be considered in the preoperative assessment of older patients, preferably by interdisciplinary teamwork including a pharmacist.
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